Our interest in the conservation of hemoglobin in anemia has been touched upon in the first paper of this series. Having demonstrated that injected hemoglobin was completdy conserved in experimental anemia (9) , we wished to understand the mechanism of this reaction and its rdated internal body metabolism. That the liver and spleen played significant r61es in this conservation was to be anticipated but the importance of the kidney, unexpected as it was, comes out dearly in the experiments tabulated below. We now fed that it can be stated with confidence that the kidney must rate in importance dose to the liver and spleen in rdation to hemoglobin conservation under certain conditions. This applies particularly to various types of hemoglobinemia which approach the minimal renal threshold levels as established in Paper I.
When a considerable number of daily hemoglobin intravenous injections are given dose to or above the minimal renal threshold we find abundant deposits of iron staining (hemosiderin) pigment in the kidney, liver and spleen. From the amount of such pigment in the liver and spleen however, one cannot estimate even approximately the total amount of hemoglobin injected. In the kidney if the daily hemoglobin injections are continued at a levd below the minimum or depression or glomerular threshold (Paper I) we find no hemosiderin in the epithelium of the convoluted tubules even though 48 to 54 gin. hemoglobin be given over a considerable period (3 months) (Dogs 29-110 and 30-84, Table 41 ). 637 In the experiments where the hemoglobin injections are close to or just above the depression renal threshold level, we find hemosiderin in the epithelium of the convoluted tubules and this deposit increases as the superthreshold injections are multiplied. Up to a certain point the epithelium of the renal tubules continues to absorb pigment from the lumen but they have a saturation point beyond which they seem unable to take up more hemoglobin. It would seem probable that as this renal epithelium takes up hemoglobin and digests it to hemosiderin or other related pigments, it might store other digestion products coming from the ingested hemoglobin. This would fit in with the well known fact that kidney feeding in anemia favors new hemoglobin construction and indicates that the kidney tissue is rich in the "building stones" which the body utilizes to fabricate new hemoglobin in anemia.
This pigment material in kidney, liver and spleen will slowly disappear during non-injection or resting periods. Bleeding and anemia accelerate this clearing out of pigment material from these organs and we may safely conclude that some of this material will be conserved and rebuilt into much needed new hemoglobin and red cells.
Pigment deposits in liver, spleen and kidney have been observed by numberless workers but usually as a result of some procedure which destroyed the red cells within the circulation. Muir and McNee (3) studied anemia produced in animals by hemolytic sera and observed hemosiderin in liver, spleen and kidneys. Boycott and Price-Jones (1) investigated trypanosome anemia. Muir and Dunn (4) also used hemolytic sera to cause anemia and studied the iron containing pigment in the kidney, liver and spleen. We felt that a study of injected hemoglobin presented some advantages as we knew just how much hemoglobin was set free in the circulation, also that only hemoglobin and not red cell fragments were added to the circulation.
Methods
Healthy adult dogs were used in all experiments. Some of the material tabulated below was derived from the dogs whose histories are given in the first three papers of this series. The preparation of dog hemoglobin is described in Paper I. Sheep hemoglobin was prepared in the same way. Goose hemoglobin was prepared as follows: The blood was drawn from a neck vein, defibrinated with glass beads and filtered through gauze. The red cells were washed twice with normal saline and thrown down by centrifugalization. To each 1 cc. of packed red cells were added 2 cc. of distilled water, the cells inked by shaking, the residue removed by the centrifuge and the solution finally filtered through gauze. A sample was taken for the determination of the amount of hemoglobin (5) . The muscle hemoglobin was prepared after the method as described by Whipple (6) .
At the end of the experiment the dog was bled and perfused to remove the circulating red cells as described in Paper V. This applies to all dogs in which iron analyses are recorded. Without this precaution the iron analyses have little significance as the red blood cells in the capillaries may contain more iron than the entire parenchyma cells of the organ.
Because of the perfusion (Paper V) the organs are very pale at autopsy. The kidneys are a pale buff color. The liver is a pale yellowish brown and the spleen is a pinkish red color. The lymph glands usually show a pink tint. The tables record the findings in the mesenteric lymph glands. The gastrointestinal tract is pale and white. Sections of all tissues were taken in Zenker's fixative, cut in paraffin, stained with hematoxylin and eosin and with Mallory's iron stain (ferrocyanide). Bone marrow was examined as a routine but these sections are not included in our tables as the marrow runs in parallel with the spleen.
The amounts of iron staining pigment are recorded in the tables as numbers--arbitrary units beginning at 1 which is but little more than a trace, running up to 5 which is the maximal amount observed. These figures were reviewed independently by the writers but at best represent a rough estimate. Comparison with accurate iron analyses shows no paralldism between the iron values and the iron staining pigment as estimated in Table 41 . This was to be expected as it is realized that the amount of masked or combined iron which gives no iron staining reaction may be very large.
The complete iron analyses of this series of dogs is given in the last paper of this group (Paper V) but in certain tables given below the interesting iron figures are included for the sake of ready comparison with the arbitrary figures indicating the amount of iron staining pigment in the kidney, liver and spleen. Table 41 shows two significant findings. (1) Even a large total dosage of dog hemoglobin given in daily amounts well below the minimal renal threshold will cause no deposit of iron staining pigment in the convoluted tubules (Dogs 30-84 and 29-110). By contrast a few doses of hemoglobin above the minimal renal threshold will effect an easily recognizable deposit of iron staining pigment in the convoluted tubules ( Figs. 1 and 2 ). (2) Muscle hemoglobin has a very low renal threshold but the epithelium of the convoluted tubules does not take up an iron staining pigment as a result of repeated superthreshold doses of muscle hemoglobin. In this respect musde hemoglobin differs from blood hemoglobin whether obtained from red ceils of the dog, sheep or goose. Table 41 gives the essential features of each experiment as tabulated but the following notes give some details which would be of value to other workers in this field who might wish to compare carefully these experiments with some of their own. These notes follow the order observed in Table 41 . Dog 29-252 (Table 41 ) was given very large doses of dog hemoglobin for a period of only 7 days. Each dose caused a conspicuous hemoglobinuria. The histological material showed only a moderate amount of iron staining pigment in the liver, spleen and lymph gland. The kidney showed abundant iron staining pigment in the convoluted tubules. Hemoglobin casts were numerous and some contained pigment which gave a positive iron stain. Dog 30-135 (Table 41 ) was given graduated doses of dog blood hemoglobin. 110 mg. per kilo of body weight were injected for 5 days and the dose increased to 150 mg. for 5 days. Subsequent injections were stepped up 10 mg. per kilo and given for 5 days each until hemoglobinuria was obvious. A total of 56 gm. was injected over a period of 25 days. Histological examination of the kidney showed a very large amount of finely granular pigment in the convoluted tubular epithelium which was hard to see and suggested recent deposits. Fore this picture we assumed that much of this pigment was deposited in the tubular epithelium during the last 5 days of injection when hemogiobinuria was pronounced. The liver contained a large amount of iron staining pigment.
Dog 29-213 (Table 41 ) was injected with hemoglobin doses which evidently were very close to the minimal renal threshold level. The kidney showed no iron staining pigment in the convoluted tubular epithelium. The liver, spleen and lymph gland all showed low values in spite of rather large total hemoglobin dosage. We have no explanation except the possibility that this dog was a bit anemic to start with and utilized this material promptly instead of storing it as usual. Dog 30-84 (Table 41 ) received hemoglobin doses which were certainly well below the minimal renal or glomerular threshold and there are no iron staining pigments in the convoluted tubular epithelium although the total dosage of 48 gin. is high and the injections continued over a period of 85 days. Liver and spleen show abundant pigment deposits.
Dog 29-110 (Table 41 ) also received daily doses of dog hemoglobin which were definitely below the minimal renal threshold. No iron staining pigment appears in the epithelium of the convoluted tubules in the kidney. The total dosage was even larger than the preceding experiment (Dog 30-84) and continued over a period of 95 days.
Dog 29-219 (Table 41 ) was given superthreshold doses of sheep hemoglobin which caused a daily hemogiobinuria. This was continued for 15 days and as was to be expected, the kidney showed iron staining pigment in its convoluted tubules.
Dog 29-228 (Table 41 ) was given rather small amounts of sheep hemoglobin daily which however in every instance caused a readily observed hemoglobinuria. The kidney showed the usual iron staining deposits in the convoluted tubules. It is interesting to note that this dog received less sheep hemoglobin than was given in the preceding experiment but had more iron staining pigment in the kidney. The iron analysis figures are in harmony with the injection totals rather than with the ilon staining pigment. Dog 30-108 (Table 41 ) was given definite superthreshold doses of goose hemoglobin which caused distinct hemoglobinuria after each injection. The kidneys showed large amounts of iron staining pigment in the epithelium of the convoluted tubules--also in the liver and spleen. Dog 30-231 (Ta~ble 41) was given doses of goose hemoglobin which evidently were very close to the glomerular threshold. Possibly a little hemoglobin may have seeped through the glomeruli as the iron analysis shows a slight increase in the kidney. There was no deposit of pigment in the epithelium of the convoluted tubules. At no time during the experiment was hemoglobinuria noted. Dog 30-149 (Table 41 ) was given doses of dog muscle hemoglobin which were definitely superthreshold and hemoglobin appeared daily in the urine after each injection. The very low renal threshold for muscle hemoglobin is one of the peculiar features of this interesting substance. In spite of obvious hemoglobinuria we record no deposits of iron staining pigment in the epithelium of the convoluted tubules. Here again this muscle hemoglobin differs from blood hemoglobin as to its physiological behaviour in the dog. There is abundant iron staining pigment in the liver, spleen and lymph gland. A little iron staining pigment is noted in the endothelinm of the renal cortex between the tubules.
A yellow granular pigment negative for iron is noted in these dogs injected with muscle hemoglobin and is abundant in the convoluted tubular epithelium and in the hepatic epithelium (see Table 45 ). The Kupffer cells of the liver contain some iron staining pigment.
Dog 30-228 (Table 41 ) was given smaller doses of muscle hemoglobin which caused hemoglobinuria on some occasions. The autopsy findings were in all respects similar to the preceding experiment--Dog 30-149.
Figs. 1 and 2 show the characteristic iron staining deposits within the epithelium of the convoluted tubules of the kidney. The cell nuclei are very faintly stained with carmine and the blue staining pigment stands out conspicuously by contrast. Fig. 1 is a low power microphotograph of the kidney cortex and Fig. 2 is a higher power picture of a group of tubules in the same kidney. Table 42 gives the pigment findings in some of the dogs used in Papers I to III. The histories of these dogs will be found in detail in these preceding papers. As no perfusions were done it was obviously a waste of energy to perform iron analyses. Very brief histories of these dogs in the order found in Table 42 are noted. Dog 28-233 (Table 42 ) received both subthreshold and superthreshold hemoglobin injections over a considerable period. The iron staining pigment was very abundant in the epithelium of the convoluted tubules of the kidney. The same pigment was abundant in the endothelial cells in the kidney cortex between the tubules. Dog 29-198 (Table 42) was given a long series of dog hemoglobin injections--see Paper II, Table 22 . There were repeated sublethal injections of mercuric chloride. He was given superthreshold and subthreshold hemoglobin injections. Much iron staining pigment was found in the epithelium of the convoluted tubules in the kidney cortex.
Dog 29-26 (Table 42) was given a long series of dog hemoglobin injections, many of which were superthreshold in amount with consequent hemoglobinuria. Dog 29-334 (Table 42) was given a short series of hemoglobin injections close to the minimum renal threshold. There was slight hemogiobinuria observed at times. Repeated sublethal doses of mercuric chloride were given. Dog 30-32 (Table 42 ) received a series of hemoglobin injections which were very close to the minimal renal threshold. On several occasions there was noted slight hemoglobinuria---see Paper II, Table 21 . Mercuric chloride also was given. Very little iron staining pigment was found in the kidney, probably due to the few superthreshold hemoglobin injections.
Dog 30-38 (Table 42 ) received a long series of hemoglobin injections---see Table 31 , Paper III. Hemoglobinuria was noted frequently and mercuric chloride was given. At autopsy abundant iron staining pigment was found in the usual locations in kidney, liver and spleen.
Dog 29-250 (Table 42 ) received both sheep and dog hemoglobin injections, some of which were superthreshold and caused hemoglobinuria. Mercuric chloride was given--refer to Paper III, Table 35 .
Dog 29-304 (Table 42 ) received a few doses of sheep hemoglobin followed by many of dog hemoglobin, some of which were above the minimum renal threshold. The iron containing pigment was abundant in the kidney. Dog 30-107 (Table 42 ) received a series of injections of goose hemoglobin. The renal threshold was exceeded with a daily record of hemoglobinuria. Autopsy showed the usual deposit of iron staining pigment in the convoluted tubular epithelium of the kidney.
The diet experiments in Table 43 should be compared with the anemia experiments in Table 44 . The data are regrettably meagre but merit some discussion and indicate the nature of future experiments which would supply much needed information. Our stock dogs maintain a high hemoglobin level which in our laboratory is 120 to 150 per cent hemoglobin, using 13.8 gm. hemoglobin per 100 cc. as 100 per cent. Perhaps because of this fact many of these dogs show a surprising amount of iron staining pigment in the spleen and even in the liver in some cases. This was not appreciated in the early stages of this work. In order to have a perfectly satisfactory base line a dog should be kept anemic at a level of 40 to 50 per cent hemoglobin, or 1/3 normal, for 2 months or longer. This regime will effect complete disappearance of iron staining pigment and a very low iron content of the kidney, liver and spleen. From this base line, the dog could then be fed diets rich in iron, liver or other food factors to test the efficacy of any given diet for iron or pigment storage. These experiments we hope to report in the near future. Table 43 shows the influence of diet alone on the iron containing pigment and iron content of the kidney, liver, spleen and lymph gland. It is obvious that the incidental finding of iron containing pigment in the spleen is too common to justify any conclusion as to diet influence. (Table 43) were fed for 31 and 21 days respectively on a diet of milk and a bread mixture prepared in this laboratory. This bread contains all needed food factors for healthy life of a dog including vitamines, salts and protein. It contains a moderate content of iron and will permit of only a minimum regeneration of hemoglobin in anemia. Its preparation has been carefully described (7). These two dogs show no iron containing pigment in the kidney, a small amount in one liver (Dog 30-174) and large amounts in both spleens. We believe the spleen deposits have no relation to the diet intake.
Dog 30-125 (Table 43 ) was fed for 31 days the regular kennel ration of mixed hospital food scraps plus ferric citrate equivalent to 500 rag. Fe daily. This is about the maximal intake of iron for optimal blood regeneration. This dog showed a little iron staining pigment in the kidney epithelium and liver but large amounts of this pigment in spleen and lymph gland. The low iron analysis of the kidney shows little evidence of iron storage here. The spleen shows a very high iron analysis so that we may suspect that the large diet intake of iron has had some effect favorable for iron storage in the spleen.
Dog 30-103 (Table 43 ) was fed for 30 days a diet of meat scraps and bread plus 300 to 400 gin. pig liver. This diet is optimal for rapid hemoglobin regeneration. This dog showed no iron staining pigment in tubular epithelium but some of this pigment in the endothelium of the renal cortex. The liver and spleen contain a moderate mount of iron staining pigment but there is little reason to suppose that this is related to the liver diet.
Dog 30-270 (Table 43) presents an unusual picture which indicates some preceding disturbance at present not understood. This large active airedale was apparently perfectly normal. He was on a diet of canned salmon juice, mush and carrots which is a diet low in iron and high in carotin. Autopsy after perfusion shows a high content of iron containing pigment in liver and spleen. The iron analyses are also high. We cannot believe this heavy iron storage is related to this diet but to some factors at present unknown.
The last three dogs in Table 43 are control animals under observation in the laboratory several weeks on the regular kennel ration of mixed hospital food scraps. Their tissues are all practically negative for iron staining pigments except for small amounts in the spleen. The iron analyses are within normal limits. Table 44 shows the result of a rather severe anemia (1/3 normal for the healthy dog) continued weeks or years. We believe this is the only method by which the liver and spleen of the normal dog can be rendered free of iron staining pigment. The iron analyses are reduced to minimal levels. Dogs 30-271 and 30-257 (Table 44) were placed on a diet of bread, milk, rice, potatoes, salmon and onion for 1 and 1.5 months respectively. They were bled rapidly to an anemia level of 50 to 60 per cent hemoglobin and maintained at this level for the total duration of the experiment.
Dog 30-271 (Table 44) showed a moderate amount of golden yeUow pigment negative for iron in the convoluted tubular epithelium and endothelial ceils of the kidney. A few areas of scarring were noted in which some phagocytes were present that contained iron staining pigment. The liver epithelium and Kupffer ceils contained a moderate amount of yellow pigment (Table 45 ) which was negative for iron except for a trace in the Kupffer cells. Iron staining pigment was present in small quantity in the spleen. The lymph gland showed a moderate amount of pigment, occasional grains of which took the iron stain.
Dog 30-257 (Table 44) showed moderate amounts of golden yellow pigment negative for iron in the kidney epithelium, liver epithelium and Kupffer cells and a small amount in the lymph gland (Table 45 ). The spleen contained a small amount of pigment which gave a positive iron stain. Dog 21-23 (Table 44 ) was kept at an anemia level of 40 to 50 per cent hemoglobin for 64 months. The diet for the last 9 weeks consisted of standard anemia bread and salmon. Fourteen injections of dog muscle hemoglobin were given 3 weeks before death. Four days before death 2 gin. of dog blood hemoglobin were injected intravenously. The dog was killed by accident related to a hemoglobin injection. The convoluted tubular epithelium and endothelial cells of the kidney contained heavy deposits of golden yellow pigment and traces in the epithelium of the collecting tubules. This pigment was negative for iron and hemofuscin. A moderate amount of this same type of pigment was found in the liver epithelium and Kupffer cells (see Table 45 ). The spleen contained a trace of iron staining pigment.
Dog 20-104 (Table 44 ) was maintained at an anemia level of 40 to 50 per cent hemoglobin for 60 months. His diet for the 10 weeks preceding death was made up largely of standard anemia bread to which during some weeks were added pig muscle, beef muscle, pig heart and pig liver. A large amount of golden yellow pigment was found in the kidney epithelium, a large amount of this pigment was present in the liver epithelium and Kupffer cells, and a small amount in the spleen. None of this pigment took the iron stain except for a few tiny granules in the trabeculae of the spleen (Table 45) .
Dog 24-24 (Table 44 ) was kept at an anemia level of 40 to 50 per cent hemoglobin for 22 months. Death was accidental. His diet for the 10 weeks preceding death consisted of standard anemia bread. During the last 3 weeks of life, liver and ferric chloride (Fe equivalent 300 rag.) were added to the diet. This diet is of maximal potency for the regeneration of new hemoglobin under these conditions. The kidneys contained large deposits of golden yellow pigment in the epithelium of the convoluted tubules and traces in the collecting tubules. In the liver large quantities of this pigment were present in the liver epithelium and Kupffer cells. The spleen contained a small amount of golden yellow pigment. None of the pigment found in the tissues of this dog gave a positive iron stain.
Dog 29-288 (Table 44 ) had spontaneous hematuria for 3 months. The amount of bleeding was not great and the anemia was only of moderate grade. He was perfused and autopsied. The cause of the hematuria could not be determined but we may believe that some small vessel in the urinary tract was contributing this blood to the urine. The kidneys and liver contained no pigment. Phagocytic cells in the spleen and lymph gland contained a small amount of iron staining pigment. We note that even this low grade of anemia (2/3 normal hemoglobin) reduces the iron staining pigment and lowers the iron content below the normal controls (Table 43) .
Dog 29-8 (Table 44 ) had a sterile closed bile fistula for 9 months. She became obstructed and jaundice developed. She was killed under ether anaesthesia with the usual perfusion. The kidneys showed no pigment. The liver and spleen contained a small amount of iron staining pigment; the lymph gland a moderate amount of this type of pigment.
This bile fistula animal (Table 44 , Dog 29-8) presented only a slight degree of anemia--about 2/3 normal hemoglobin, but the spleen shows evidence of a high iron content although the iron staining pigment is not conspicuous. We may assume that the obstructed fistula was responsible for this blood destruction and low grade anemia. Table 45 deals with an entirely different pigment--one which gives no stains for iron and no reaction for hemofuscin. The tissues may be rich in this pigment yet poor in iron according to iron analysis (Dogs 30-271, 30-257 and 30-270). One is tempted to designate it as a lipochrome but this type of pigment is not commonly found in the kidney. It is somewhat more highly refractile than the usual hemosiderin pigment. It interested us particularly as it seems to be most abundant in the kidney suggesting the possibility that the kidney was conserving this pigment just as it does hemoglobin and its split products under certain conditions. In long continued anemia in dogs we have observed a pigmentation of the gastrointestinal muscular coats which take on a buff color in many animals. This pigment however is soluble in alcohol. We have suspected liver feeding as being at least in part responsible for this peculiar pigment deposit.
The pigment observed in Table 45 obviously is not soluble in alcohol otherwise it would be removed in the routine preparation of histological sections. We cannot say what factors may be responsible for this non-iron staining pigment and it is possible that some of it may be hematoidin. We suspect three factors mentioned as follows: (1) Muscle hemoglobin injections were given the last two dogs in Table 45 (Dogs 30-228 and 30-149). This suggests the possibility of hematoidin or of some other pigment associated with the muscle hemoglobin. (2) Liver or cod liver oil feeding in Dogs 21-23, 25-24, 20-104, and 30-103 may be responsible. However not all dogs given such diets will show this pigment. The standard anemia bread used in many of these experiments (Table 45 ) contains much cod liver oil and also canned salmon. (3) Salmon muscle feeding may be responsible as this food contains a pigment but not all dogs given this diet may show this pigment deposit. Obviously the source of this pigment deposit (Table  45) is not clear and future work must determine its make up and causative factors. DISCUSSION We have reviewed experiments in the first paper of this series to show that the initial renal threshold for dog hemoglobin in dogs will be depressed by daily injections of hemoglobin in amounts close to the threshold level. This minimal renal threshold for hemoglobin is relatively constant if the daily hemoglobin injections are continued and averages 45 per cent below the initial level. During the time when the renal threshold is failing toward the minimum level the epithelium of the convoluted tubules of the kidney is taking up iron containing pigment presumably related to the injected hemoglobin. When this tubular epithelium can no longer take up more hemoglobin we believe the minimum renal threshold is attained. This corresponds closely to the true glomerular threshold as described above (Paper I).
Furthermore we have shown in Paper II that moderate injury of tubular epithelium by mercuric chloride does not modify this minimum renal threshold level. It is difficult to believe in the face of this evidence that the epithelium of the convoluted tubules plays an active part in the escape of hemoglobin from the circulating blood. We prefer to think of the glomerular tuft as fixing the true renal threshold. This level may be modified for bladder urine by absorption of hemoglobin from the tubular lumen.
The observations tabulated in this paper fit in quite satisfactorily with this thesis of hemoglobin elimination by way of the glomerular tuft. The amount of iron staining pigment within the epithelium of the convoluted tubules of the kidney increases with the number of hemoglobin injections which exceed the renal threshold levels. When a large number of hemoglobin injections are given in amounts below the minimum renal threshold (Dogs 30-84 and 29-110, Table 41 ) no iron staining pigment appears in the tubular epithelium although the liver and spleen show the usual heavy pigmentation.
Muscle hemoglobin behaves differently when introduced into the blood stream and has a very low renal threshold--less than 10 per cent of dog blood hemoglobin. In spite of the fact that the muscle hemoglobin escapes so readily in the urine, the tubular epithelium of the kidney does not accumulate any iron staining pigment. These dogs do present a yellow pigment negative for iron included in the epithelium of the renal tubules. At the present time we have no suggestions as to the make up of this pigment.
Muscle hemoglobin is a very interesting and probably important substance so that everything related to it has an appeal for the physiologist. It is much like blood hemoglobin when we examine it by means of the spectrophotometer and when introduced into the blood stream bile pigment is promptly split off (8) just as in the case of blood hemoglobin. Yet it has precipitin reactions which differentiate it from blood hemoglobin (2). This last observation adds one other feature in which muscle hemoglobin differs from blood hemoglobin--as it passes through the lumina of the renal tubules there is no deposit of iron staining pigment within the tubular epithelium.
SUMMARY
When the minimal renal threshold for blood hemoglobin is exceeded there is observed a deposit of iron staining pigment in the epithelium of the renal convoluted tubules. At a certain point this epithelium cannot take up more hemoglobin and this coincides with the minimal renal threshold level.
When the injections of blood hemoglobin are kept below the minimal renal threshold level we note a complete absence of iron staining pigment in the renal tubular epithelium.
Given a deposit of iron staining pigment in the tubular epithelium, it will slowly disappear during rest periods with no hemoglobin injections. Anemia due to bleeding will accelerate this removal of pigment from the renal epithelium and this indicates a conservation of material by the kidney for use in construction of new hemoglobin.
Pigment giving a positive stain for iron will be found in the liver and spleen when hemoglobin injections are given, regardless of the renal threshold. Removal of this pigment is accelerated by anemia due to bleeding and as a rule an anemia period of 2 months at a level of 1/3 normal (40 to 50 per cent hemoglobin) will render the spleen, liver and kidney free from iron staining pigment.
Pigment giving a positive iron stain is frequently observed in the mesenteric and lower retroperitoneal lymph glands. This is merely a drainage of pigment and phagocytes including pigment from some organ in which the pigment deposit was primary.
In stock dogs in this laboratory the hemoglobin level is quite high when the animals are in a perfectly normal state. The blood hemoglobin averages I20 to 150 per cent hemoglobin. In such dogs iron staining pigment in the spleen is a common finding and on occasion is observed in the liver.
To establish an accurate base line for the study of iron and iron staining pigment storage due to diet intake one must submit these dogs to a preliminary anemia period of at least 2 months.
Muscle hemoglobin has a very low renal threshold and escapes freely into the urine when given intravenously. Contrasting with blood hemoglobin this muscle hemoglobin under identical conditions does not cause the deposit of iron staining pigment within the epithelium of the renal tubules.
A pigment giving no iron staining reaction may be found in the epithelium of the convoluted tubules of the kidney. Whether this is due to dietary or other factors is uncertain but this indicates pigment conservation by the kidney.
Finally we would emphasize again the fact that the kidney is of considerable importance in the conservation of hemoglobin and hemoglobin split products which presumably are utilized to build up new hemoglobin.
